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Abstract 
The earthy waters of Hamma and Negrine are characterized by the presence of a very large quantity of 
calcium carbonate on surfaces of the domestic facilities and industrial during their circulation. This 
deposit has very serious technical consequences. The study of water of the two sources Hamma and 
Negrine showed that this water is furring and their hardness is about 59°F for the water of Hamma and 
56°F for the water of Negrine. In this study we used the chronoamperometric method [1] for: 
- to determine the furring capacity of raw water of each source (Hamma and Negrine) which is 
characterized by the time of scaling and the residual current. 
- to evaluate the influence of the temperature on the furring capacity of the water of Hamma and the water 
of Negrine. 
- to study the effect of the chemical inhibitor (HEDP) on the furring capacity of water of Hamma and 
Negrine. 
The application of the chronoamperometric method to the temperature of 30°C on raw water of Hamma 
gave a time of scaling of 9.7min for the water of Hamma and 13.5min for the water of Negrine. These 
values increase with: 
-the reduction in the temperature of raw waters of Hamma and Negrine. 
- the addition of the inhibitor: HEDP with weak concentrations. 
The water treatment of Hamma and Negrine by the HEDP delays the formation of the tartar starting from 
the addition of the concentration of  0,005mg/L of addition of the HEDP on the water of Hamma and 
10μg/L of addition of the HEDP on the water of Negrine.  
According to the results obtained the HEDP has an inhibiting effect on water of Hamma and Negrine with 
weak concentrations. 
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1. INTRODUCTION: 
The drilling of Hamma is one of the important sources which feeds the wilaya of drinking water 
Constantine but it has an important hardness of 59°F.  
Another source known as Negrine, having a hardness of 56°F.  The drilling of Negrine is in the south-
east of the wilaya of Tebessa and feeds all the area of drinking water Negrine and also used for 
agriculture. 
The earthy waters of Hamma and Negrine form a compact and adherent deposit on surfaces of the 
domestic facilities and industrial [1]. This deposit has very serious consequences: reduction in heat 
exchange in the case of boilers, stopping of the pipes and the pumps, seizing of the stopping devices (taps, 
valves) as well as the health issues. 
The water hardness of Hamma and  Negrine express the presence of a great quantity of calcium 
hydrogenocarbonates in this two water, which forms thereafter calcium an uncontrolled carbonate 
precipitate [2], [3], [4]. 
 Ca2+ + 2HCO3-   CaCO3 + CO2 + H2O                                                                              R1 
According to Rosset et al. [5], Ledion et al. [6], various processes of treatment were carried out on 
earthy waters with an aim of softening this water. But these treatments according to Bannoud et al. [7], 
are not always satisfactory in the case of the drinking water. 
The methods of treatments can be electrochemical [8], [9] and [10], heat treatments or chemical [11]. 
According to Rosset et al. [5], Ledion et al. [6], various processes of treatment were carried out on 
earthy waters with an aim of softening this water. But these treatments according to Bannoud et al. [7], 
are not always satisfactory in the case of the drinking water. 
The methods of treatments can be electrochemical [8], [9] and [10]; heat treatments or chemical [11]. 
In this study, we applied the electrochemical method (accelerated scaling) to water of Hamma (HW) 
and Negrine (NW) by using the HEDP like inhibitor of scaling. 
Accelerated scaling is an electrochemical method used for: 
- To determine the furring capacity of raw waters of Hamma and Negrine. 
- To study the effect of the variation in the temperature on the furring capacity of raw waters of 
Hamma and Negrine. 
- To evaluate the inhibiting effect of the HEDP on the furring capacity of the water of Hamma and 
Negrine. 
 
2. Material and Methods 
2.1. Method of accelerated scaling: 
Precipitation tests of calcium carbonate were induced using the electrochemical accelerated scaling 
method [3] and [9]. Thus, experiments were performed in the natural waters of Hamma and Negrine using 
a classical three-electrode cell. The schema of the experimental arrangement is presented in Fig. 1. The 
working electrode is made of Steel XC10 with 1.00 cm2 area. The electrode surface was polished with 
silicon carbide paper (P # 400), rinsed thoroughly with pure water and carefully dried. Potential was 
measured versus the reference saturated calomel electrode (SCE). A platinum electrode was used as 
counter electrode and a potentiostat was connected to the three electrodes. Work temperature was 
maintained using a double glass wall recipient. Its large volume (500 mL) allowed to avoid a significant 
variation of species concentration during the formation of the deposit. Electrochemical experiments were 
driven under potentiostatic condition at -1V/SCE, corresponding to the limiting current of the reduction 
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reaction of the dissolved oxygen. Chronoamperometric were thereafter recorded by a computer using a 
serial connection. 
On the metallic surface of the work electrode, cathodically polarized, the electrochemical reduction of the 
oxygen molecules occurs according to [2, 6]: 
O2  +  2H2O  + 4e        4OH-                                                                                               R2                                            
The hydroxyl groups, which are generated by this reaction, induce a strong increase of the pH in the 
immediate vicinity of the metal surface. The resulting displacement of the carbonic equilibriums 
following the reaction (R3) promotes the nucleation and the growth of calcium carbonate crystals onto the 
metal surface according (R4). 
OH-    +   HCO3-         CO32- + H2O                                                                                    R3 
Ca2+   +   CO32-           CaCO3(s)                                                                                                 R4 
Chronoamperometry studies the variation of the current of the solution according to the precipitation of 
the calcium carbonate deposit on a metal surface.  
It established a gradient of pH is entered the surface of the electrode or it reaches values of about 12.  
The more petrifying water is, the more the calcium carbonate crystals are adherent on the surface of the 
electrode of work by forming a compact deposit. 
This deposit is insulating and it creates an overpressure with the reduction of the dissolved oxygen of the 
solution, the current decrease according to time [3]. According to Lédion [12], the calcium carbonate 
deposit is neutral electrically and constitutes a battery of diffusion of oxygen to the electrode of work. 
The speed of covering of the metal electrode with the precipitate is function of the reduction in the calcite 
crystals and the porosity of the deposit. The smaller these crystals are, the more the diffusion of oxygen 
through the pores of the deposit is difficult. 
The intersection of the tangent at the point of inflection of the chronoamperometric curve I=f (T) with the 
axis of times determines the time of scaling which characterizes the capacity furring of water to analyze. 
The more the electrode of work is isolated by the deposit from the tartar, the more the current decreases 
up to a called minimal value the residual current IR. 
The time of scaling is to you a value which characterizes the furring capacity and water quality to be 
analyzed, it depends on the operating conditions and water quality to be analyzed (raw water or treated 
water). To apply chronoamperometry one used the experimental device of the Fig. 1. 
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Fig.1. Experimental arrangement 
1-Pilot computer equipped with software;  2-Potentiostat-galvanostat; 3-Cover electrode holder; 4-
Door plug-sample; 5-Platinum electrode; 6- Working electrode: pellet steel XC10 (11.3 mm diameter) 
embedded in a resin chemically inert; 7- Reference electrode saturated in KCl; 8- Cell thermostatted  with 
a capacity of 500ml; 9-Bar magnet; 10-Magnetic stirrer. 
2.2.Water quality studied (Hamma and Negrine): 
The results of physico-chemical water analysis of Hamma and Negrine are given in Table 1. 
Table. 1 Analysis of Hamma and Negrine waters: 
The parameters water of Hamma (HW) Water of Negrine (NW) 
T, °C 
pH 
CE, mS/cm 
HCO3-, mg/L 
Cl-, mg/L 
Ca2+, mg/L 
Mg2+, mg/L 
32 
6.95 
0.9 
517 
170 
160 
46 
30 
7.70 
3.3 
206 
390 
326 
150 
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According to the results of the physicochemical analyzes of the water of Hamma (HW) and Negrine 
(NW), the water of these two sources is mineral-bearing and present an important hardness. 
3. Results And Discussion 
3. 1. Chronoamperometric study: 
To determine the furring capacity of raw water of Hamma and Negrine, we used the electrochemical 
method of scaling accelerated with a potential negatively imposed -1V compared to an electrode of 
reference to calomel saturated with KCl. 
The Fig. 2 shows the shape of the chronoamperometric curve of the water of Hamma. From this curve, 
one can determine: 
it time of scaling (you) of raw water of Hamma which is of 9.7min 
running it residual (IR) which is of 0.044mA 
The chronoamperometric curve of raw water of Negrine is given in the Fig. 3, the time of scaling of this 
water is of 13.5min and the residual current is of 42μA. 
   
Fig. 2. Chronoamperometric curves of (a) Hamma and (b) Negrine raw waters at 30°C. 
Knowing that the water hardness of Hamma is of 59°F and the water of Negrine is of 56°F. One can 
classify the furring capacity of the water of Hamma and the water of Negrine by the time of scaling and 
the index of scaling of raw water of each source. 
According to Lédion [12], the index of scaling IE is defined by:  
 
- 100< IE <1000: extremely scale-forming water. 
- 15< IE <100: very scale-forming water. 
- 5< IE <15: medium scale-forming water. 
- 0,5< IE <5: slightly scale-forming water. 
Basing on this classification, Hamma waters is an extremely scale-forming water with IE = 103 min-1 
whereas Negrine water is a very scale-forming water (IE =74 min-1). 
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3.2. Effect of temperature on the scaling power:  
The accelerated scaling tests of the water of Hamma and Negrine at various temperatures (T=20°C, 30°C, 
40°C and 50°C), gave the chronoamperometric curves of the (Fig. 3) and (Fig. 4). 
 
                
Fig. 3. Chronoamperometric curves plotted for different                            Fig. 4. Chronoamperometric curves plotted for different 
temperatures in the water of Hamma (NW).                                                      temperatures in the water of Negrine (NW). 
 
One gives in Table 2 and 3, the time of scaling, the residual current and the index of scaling of the 
chronoamperometric curves of raw water of Hamma and Negrine at various temperatures. 
Table 2: Time of scaling, residual current and the index of scaling of the chronoamperometric curves of 
the water of Hamma (HW) at various temperatures. 
Table 2: Effect of temperature on the scaling time, residual current and the scaling index: case of the Hamma water. 
Work 
temperaturee
(°C) 
tE (min) IR (μA) IE (min-1)
20 26.20 40 38 
30 09.70 44 103 
40 07.40 46 135 
50 06.30 49 159 
 
As for the HW, scaling tests were performed to study the effect of temperature on the NW (Table 3). 
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Table 3: Effect of temperature on the scaling time, residual current and the scaling index: case of the Negrine water. 
 
Work 
temperature 
(°C) 
tE  
(min) 
IR 
(μA) 
IE 
(min-1) 
20 22.30 38 44 
30 13.50 42 74 
40 09.90 45 101 
50 07.40 68 137 
 
 
According to the values quoted in Tables 2 and 3, the increase in temperature is accompanied by lowering 
by the values by time by scaling. 
At the temperature of the source, the water of Hamma is classified like a water extremely furring, and 
with higher temperatures compared to the temperature of the source, this water becomes extremely 
furring. On the other hand, at a temperature lower than 30°C, the water of Hamma becomes fairly furring.  
According to the index of scaling for raw water of Negrine at the temperature of the source, this water is 
classified like a water very furring and the furring capacity increases with the increase in the temperature 
until which it becomes extremely furring with an higher temperature with 40°C. 
One notes for two water that the rise in the temperature, increases the speed of reduction of oxygen and 
the chemical reaction of precipitation of the tartar. Moreover, the time of scaling decreases. 
3. 3. Scale inhibition by HEDP:  
With an aim of treating the water of Hamma and the water of Negrine in order to decrease their furring 
capacity. One applied the addition of the HEDP to water of Hamma and of Negrine with various 
concentrations and one carried out tests chronoamperometric at the temperature of the 30°C sources. The 
curves are given on (Figs. 5 – 8). 
 
 
Fig. 5. Chronoamperometric curves plotted for                           Fig. 6. Chronoamperometric curves plotted for 
the Hamma treated water with HEDP at 30 ° C                           the Hamma treated water with 1mg/L of HEDP at 30 ° C 
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Fig. 7. Chronoamperometric curves plotted for the        Fig. 8. Chronoamperometric curves plotted for the 
Negrine treated water with HEDP at 30°C.         Negrine treated water with 0.01mg/L of HEDP at 30 °C. 
The study of these chronoamperometric curves, shows that an addition of 5.10-3 mg/L of HEDP to the 
water of Hamma, increases the value of the time of scaling of the water of this source compared to the 
time of scaling of raw water. 
On the other hand, the time of scaling of the water of Negrine increases starting from an addition of 10-
5mg/L of HEDP. 
The values of the time of scaling, the residual current and the index of scaling of each test of scaling 
accelerated of the water of Hamma and the water of Negrine treated by inhibiter HEDP, are summarized 
in Table 4.  
Table 3: Time of scaling, residual current and the index of scaling of the chronoamperometric curves of 
the water of Hamma and the water of Negrine treated with HEDP with various concentrations. Contrarily 
at it was waited, the treatment is more efficient when it was applied to the Negrine water which almost 
present the lower scaling index at a wide range of temperature. This can be attributed to its higher content 
in calcium and magnesium ions (Table 1).  
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Table 4: Time of scaling, residual current and the index of scaling of the chronoamperometric curves of the water of Hamma and the 
water of Negrine treated with HEDP with various concentrations. 
Water of Hamma (HW) Concentration of  HEDP (mg/L) tE  (min)  IR (μA) IE (min-1)
00 09.70 50.00 103.09 
0,005 11.60 55.00 86.20 
0,025 21.00 70.00 47.61 
0,100 34.00 65.00 29.41 
1.000 36.00 - 27.77 
5,00  - - 
Water of Negrine (NW) 0 13.50 40.00 74.62 
10-5 16.40 30.00 60.97 
1.5.10-4 18.00 42.00 55.55 
2.5.10-4 19.80 20.00 50.50 
5.0.10-4 19.60 27.00 51.02 
1.0.10-3 25.00 52.00 40.00 
5.010-3 28.50 26.50 35.08 
0.01  - - 
According to the values of the time of scaling and residual current deduced from the curves of accelerated 
scaling carried out on the water treated with the HEDP, we noted that: 
The time of scaling increases with the increase in the concentration of each inhibiter until total inhibition 
(the calcium carbonate does not adhere any more to the steel electrode). 
running it residual varies with the growth of the time of scaling and this variation depends on the quantity 
of the tartar deposited on the electrode of work. 
Therefore, one can say that the addition of inhibiter HEDP decreases the furring capacity of the water of 
Hamma and the water of Négrine to very weak concentrations of additions. 
This compound which is adsorbed on the surface of the calcium carbonate particles which can be formed, 
thus cause to slow down or block the precipitation of calcium carbonate. 
 The application of inhibiter HEDP increases the time of scaling starting from the concentration of  
5.10-3mg/L for the water of Hamma and 10-5mg/L for the water of Negrine. 
Thus the HEDP is an effective inhibiter against scaling. It acts with very low contents while being 
adsorbed on the calcium carbonate germs of which it causes morphological and crystallographic 
modifications. 
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 4. CONCLUSION:  
According to the results obtained in this study: 
- The use of the method of chrono-amperometry makes it possible to characterize the furring capacity 
of water of Hamma and Négrine by implementing the formation controlled of calcium carbonate by the 
reduction of the oxygen dissolved in water at a negatively imposed potential. 
The scaling accelerated at the temperature 30°C of raw water of Hamma and the water of Negrine, 
determine the time of scaling for each one of them: you (Hamma) = 9.7min and you (Negrine) = 13.5min. 
What translates a furring capacity of water. 
While varying the temperature of raw water of Hamma and Negrine, chronoamperometry shows that: 
the increase in the temperature of raw water of the two sources decreases the time of scaling up to 6.4 min 
for the water of Hamma and until 7.8min for the water of Negrine at the temperature of 50°C by the 
activation of the formation of calcium carbonate. On the other hand, the reduction in the temperature of 
the water of Hamma and Negrine involves a reduction in the furring capacity of this water.  
The antiscaling treatment of the water of Hamma and Negrine by chemical inhibiter HEDP at the 
temperature of the source 30°C increases considerably the time of scaling compared to the time of scaling 
of raw waters. It is the delayed-action of the formation of limestone by the effect of the inhibiters. The 
increase in the concentrations of the HEDP in the water of Hamma and the water of Negrine makes 
decrease the capacity furring until total inhibition. 
The inhibiting effect of the HEDP on the water of Hamma at the temperature of 30°C starts starting 
from the concentration of 5.10-3 mg/L, and one reaches total inhibition with the concentration of 5 mg/L.  
The water treatment of Negrine by same inhibiter HEDP shows that the variation of the time of scaling 
is starting from the concentration of 10-5 mg/L, and total inhibition is reached for an addition of 0.01mg/L. 
Therefore, the HEDP is an effective inhibiter for the furring water softening of Hamma and Negrine. 
The inhibiting effect of the HEDP is pronounced more on water of Negrine because it acts with a 
concentration even weaker. 
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